Scaffolds-based tissues engineering involves the combination of an artificial extracellular matrix (ECM), living cells, with high porosity and well connected pores that will provide suitable environment for cells. In this study, firstly, poly (caprolactone) (PCL)-based microspheres were synthesized and characterized. Bovine serum albumin (BSA) (0.04% w/v) was added into the microspheres produced from 5% (w/v) PCL concentration. BSA loaded microspheres were then incorporated into chitosan solution to fabricate porous scaffolds. The scaffolds were then characterized using different techniques.
Introduction
Tissues engineering (TE) is an alternative medical treatment for diseases that can't be cured by existing methods [1] . TE applies both principles of engineering and life sciences towards the developments of biological substitute that maintain, restore and also to improve tissues function [2] . Compared to conventional transplantation methods, TE seeks a new medical therapy that either uses biomaterials with or without living precursor to re-establishes the destroyed human tissues or organs. [3] . The main factor in successful TE is the biodegradable scaffolds that have high porosity and well connected pores will provide suitable environment for cell seeding, cell-cell communication and also exchange of metabolic product as well as exchange of cellular nutrients [4] . In fact the best tissues engineering scaffolds is the one that able to release bioactive factors in order to promote the cell functions.
Scaffolds-based tissues engineering involve the combination of an artificial extracellular matrix (ECM), three dimensional scaffolds with living cells and/or regulating biomolecules such as growth factors. On the other hand, biomolecules are very important in delivery systems and can be made either by attachment of biomolecules onto the surface of scaffolds through non covalent binding or covalent binding or by physical entrapment [5] . In the past few decades, microsphere has become the main attraction as the delivery system as they are easy to migrate, however as they cannot provide suitable support for cell and tissue. Now the researchers are trying to fabricate microsphere based scaffolds that can provide structural support to new tissues growth and able to deliver one or more bioactive agents in controlled mode [4] .
Poly(lactic acid) (PLA), poly(glycol acid) (PGA), poly(caprolactone) (PCL) and their copolymer and also natural polymer such as gelatine, chitosan and collagen that have weak immunogenicity and good biocompatibility are also potential polymeric candidates for the development of microparticles as drug delivery systems [4, 6] . Among them, PCL is the ideal polymers for the drug/biomolecule delivery application as it have relatively low degradation rate that will extending over one year [6] . The previous studies show that, PCL microspheres have high permeability to proteins and as compared to polylactides and glycolides, PCL microsphere did not produce an acidic environment during degradation that can adversely affect the cellular environment. Not only that, PCL microsphere can successfully encapsulate various drugs such as antihypertensive drugs (nifedipine), taxol, gentamicin, ketoprofen, Colchicine, ethyl salicylate, insulin and many others [7] . These microspheres were prepared by PCL alone or blends with other polymeric substances to achieve desired release profile. On the other hand, chitosan is a natural, biocompatible polymer which has been studied for biomedical and tissue engineering applications [8] [9] . On the other hand, thermally induced phase separation and freeze-drying technique is a potential route to fabricate TE scaffolds with suitable properties [10] [11] .
The aim of this work to develop Bovine serum Albumin (BSA) loaded PCL microsphere/chitosan based scaffolds and characterization to be used in tissue engineering application. PCL microspheres in the chitosan scaffolds are expected to release BSA in controlled manner that will assist the cells for the growth, proliferation and differentiation.
Materials and Methods
Materials. PCL with molecular weight 70,000-90,000 were supplied from Aldrich. Poly (vinyl alcohol) (PVA) with average molecular weight Mw 85,000-124,000, 87-89% hydrolyzed were also purchased from Aldrich. Chitosan with medium molecular weight was purchased from Aldrich.
Methods. PCL microspheres loaded with BSA were fabricated using a standard double emulsion solvent evaporation technique. Water-in-oil emulsion was formed when 0.06 g of BSA was dissolved in 1.5 ml of deionised water. Then the BSA-solution was poured in the 5% PCL solution (1.5 g PCL dissolve in 30 ml dichloromethane) and homogenized to disperse the BSA solution into the oil phase. After that, the emulsion was then administered into 100 ml of 1% (w/v) PVA aqueous solution that acts as external aqueous phase. The mixture then stirred magnetically at 300 rpm for overnight at room temperature to ensure the evaporation of the solvent. The BSA loaded PCL microsphere was filtered, washed several times to removes any organic impurities. Later the microspheres were put in the freezer and freeze-dried. 0.5 g chitosan was weighed and dissolved in 25 mL of 2% acetic acid in a centrifuge tube and homogenized to form solution. Then 0.25 g of BSA loaded PCL microsphere was added to the solution and mixed using a mini shaker at 30 rpm to ensure the dispersion of microspheres throughout the solution. The solution was then transferred into a glass vial (moulds) and keep in the freezer to solidify the solution for overnight. The frozen solution was then transferred to the freezedrying vessel (LABCONCO-Freeze dry system, USA) for 72 hours to remove the solvent. The scaffolds produced were stored in dessiccator until characterisation.
Results and Discussions
Fabrication and Characterization of Microspheres. The physical appearance of PCL microspheres was whitish powder with melting point between 59-64 °C. Microspheres produced from 5% PCL concentration had size range of 100-120 µm and the average size was 97.75 µm. Microspheres produced from 5% PCL concentration was chosen to be used for the preparation of BSA loaded PCL microsphere as it showed a low range of particle distribution. The morphology of BSA loaded PCL microsphere was slightly different from the pure PCL microsphere due to the addition of water to dissolve BSA which was added in the polymer solution during the fabrication process. It was studied that by increasing the polymer concentration, it was difficult to break up the solution into smaller droplets when applying equally mixing power giving rise to larger sizes of microsphere [6] . The suitable microsphere size is very important as it may affect the rate of BSA release and also BSA encapsulation efficiency [12] .
As the protein or peptides are really sensitive to the environmental conditions that make them unstable during preparation, storage and release, microencapsulation will help to improve its therapeutic efficiency, protect them from unnecessary degradation and will also enhance the sustained delivery [13] . BSA Loaded PCL/Chitosan Composite Scaffolds. For the comparison reason, pure chitosan scaffolds with the same polymer concentration were fabricated without incorporation of the microspheres. Figure 1(a-c) shows the morphology of BSA-loaded microspheres incorporated porous PCL/chitosan scaffolds. The porous structure and pore sizes were almost similar to that of pure chitosan scaffolds. The average pore size was 135 µm. The microspheres retained their
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Advanced Research in Materials and Engineering Applications spherical shapes and were mainly distributed on the pore walls. The microspheres were embedded on the polymer matrix. The skeletal density and porosity of pure chitosan scaffold was 0.18 g/ cm 3 and 88% respectively. On the other hand the skeletal density and porosity of PCL microsphere incorporated chitosan scaffold was 0.12 g/ cm 3 and 83%. Incorporation of PCL microsphere increased the skeletal density and decreased the porosity. Combination of both microspheres and porous scaffolds could prolong the release of different bioactive factors, satisfying the local need of different growth factors during the formation of new tissues [4] . In the TE application these characteristic are essential to ensure sufficient nutrient diffusion through the scaffolds for ingrowths and mass transportation when the cells start to migrate deep into the scaffolds [14] [15] .
Figure 1:
The SEM image of (a,b c) BSA loaded PCL microsphere in the chitosan scaffolds.
Conclusions
The BSA loaded PCL microsphere incorporated chitosan scaffolds were successfully fabricated. The fabrication parameters were carefully controlled in order to produce microspheres and scaffolds with suitable properties. The scaffolds were three dimensional, highly porous and had interconnected pores. The BSA loaded microspheres were successfully embedded on to the pore walls.
